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Washington, D.C. 20231 

Dear Sir: 

I, Esther Chang, declare that: 

1. I am the same Esther Chang 
above-referenced patent application. 

2. I received a B,A. degree i 
University in Taiwan in 1968 and a Ph 
Southern Illinois University in 1974 
positions of Assistant Professor, As 
Professor in the Department of Patho 
University of the Health Sciences in 
Research Professor in their Department 
of their Tumor Biology Program. Frorfi 
position of Professor of Surgery (Re 
Otolaryngology/Head and Neck Surgery 



named as an inventor on the 



biology from Fu Jen 
D. in microbiology from 
From 1982-1994 I held the 
ociate Professor, and then 
ogy, Uniformed Services 
Bethesda, MD. I also was a 
of Surgery and the Director 
1994-1996 I held the 
earch) , Division of 
in the Department of Surgery 



£0'd 



BEST AVAILABLE COPY 



T0:£Z S002-0C-AUW 



U.S. Application No. 09/914,046 
Inventor: Esther H. CHANG 

at Stanford University Medical Center 

the position of Professor of Surgery 

currently also hold the positions of 



Department of Otolaryngology/Head & Neck Surgery and Professor of 



Oncology/ Department of Oncology, at 



Medical Center, Lombardi Cancer Center, and have held those 



positions since 1996 and 1999, respec 
curriculum vitae is attached hereto. 

3. I have read the Office Acti 
and Trademark Office on November 28, 
grounds of rejection set forth therei 

4. In several rejections the e 
MacLean et al., and asserted that it 



Since 199S, I have held 
(Consultant) there. I 
Professor of Otolaryngology, 



the Georgetown University 



tively. A copy of my 

on issued by the U.S. Patent 
2004, and understand the 
n . 

xaminer cited a paper by 
discussed a method for 



coupling antibodies to liposomes in fcjhich an antibody or fragment 
thereof can be bound to the liposome via a sulfur atom that was 
part of a sulfhydryl group on the antjibody or antibody fragment, 
thus indicating that she believed theft the immuno liposome 
complexes claimed in the present application were taught in the 
prior art, 

The discussion to, which the examiner referred was part of a 
discussion of methods known in the art for coupling antibodies to 
liposomes, provided on page 329 of the MacLean et al. paper. 
Specifically, the method to which the examiner referred is method 
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iii) . MacLean et al , provided that succinimidyl-maleimide 
crosslinker could be used to attach antibodies containing 

sulfhydryl groups to liposomes, and that x Tab' antibody fragments 

I 

already contain sulfhydryl groups but 
modified using sulfhydryl generators, ' 



Duncan et al., a copy of which is attached hereto as Attachment 1 

5. The method taught by Duncanl et al , would not be 
effective for binding an scFv fragment to a liposome, Duncan et 
al. teach introducing a sulfhydryl group onto an antibody by 
treatment with N-succinimidyl S-acety 
can alkylate any exposed amino group 
randomly. This results in a so-calle 



alkylated molecules. This means that only about 36% of the 



molecules are monosubstituted, about 
substitutions and about 31% are unsufc 
substitutions can be obtained with or 

molecules and this is probably true for most proteins'' (page 72, 
column 1) . "Multiple substitutions would be expected in a 
significant proportion of the molecules" (page 72, sentence 
bridging columns 1 and 2) . Moreover, 
the substitution to a specific amino 
negative implications for scFv fragments 

First, these multiple substitutions form polymers which will 
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' citing a 1983 paper by 



lthioacetate (SATA) . SATA 
in the protein and does so 
d "Poisson distribution" of 



33% have multiple 
stituted. "Hence, single 
ly a small fraction of IgG 



there is no way of directing 
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block the epitope on the scFv that bi|nds to the receptor such that 

the desired immuno liposome complex cannot be formed- Second, even 

if such polymers don't form, there is 

of the antibody fragment to the malei 



no way to direct the binding 
mide-DOPE in the liposome. 



peroxidase rather than the 
realize that this method 



Thus, even if the scFv is only monosi^bstituted, it would only be 
by chance that the right amino acid would carry the substitution, 
such that the epitope that binds to the receptor would be exposed 
and available for binding to the liposome* 

6* The authors of the Duncan et al. paper realize this 
drawback. They noted that *it is apparent that fewer potential 
polymerization sites will result if the single active group 
mentioned above is inserted into the 
IgG" (page 72, column 3) . Thus, they 
does not work well for antibodies. 

7, Both of these problems resiilt in loss of biological 
activity- This does not happen in the method used in our 
application to produce scFv-liposome 

the scFv is molecularly engineered sijich that a single -SH is 
introduced, the protein refolds properly to its natural state, and 
introduced -SH will not interfere wi(h the binding of the antibody 
fragment to its receptor. 

8, A further drawback to the Approach taught by Duncan et 
al. is that before the antibody can If)e conjugated to The 
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maleimide, The substituted protein ha 

either hydroxyl amine or an excess of 

be ^scrupulously removed before proce 

(page 68, columns 1-2) , These increa 

result in decreased biological activi 

9, Thus, this method is not us 
scFv to cationic liposomes. This is 
although Duncan et al . published thei 
directly conjugated to cationic lipos 
art as of the date we filed our pateqt 
later. The prevailing wisdom at the 
that scFv simply could not be used 
they were simply too small and too f 
them to provide a group which could r 
the liposome would result in the loss 

10, I further declare that all 
own knowledge are true, and that all 
information and belief are believed t 
statements were made with the knowledge 
statements and the like so made are 
imprisonment, or both, under Section 
United States Codes, and that such w 
jeopardize the validity of the appli 
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eful for the conjugation of 
evidenced by the fact that 
r paper in 1983, no scFv 
omes had been reported in the 

application over 15 years 
time of our invention was 
immunoliposomes because 
ile and efforts to modify 
eact with a reactive group of 
of biological activity, 
statements made herein of my 
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I . ) 

Undergraduate 

Insect tissue culture. Studied growth pattern of insect line cells (Bombyx, Aedes and Antheraea) and adapted two lines into hemolymph- 
free media. Gamed some expenence in the growth of Japanese Encephalitis Virus in insect cells and newborn mice 
Graduate School 

Arboviruses (Togaviruses). Electron microscopy. Compared the growth of VSV in insect cells and chicken embryo fibroblasts. Determined 

tne viral KN A profiles in each cell line. 
Characterized Ganjam Virus, an ungrouped arbovirus. 
Postgraduate 

RNA tumor viruses - interferon effect Studied interferon's inhibitory effect on the replication of murine leukemia virus (In Robert M 
Friedman s laboratory, National Institutue of Arthritis, Metabolic and Digestive Diseases, NIH) 

Molecular genetics. Cloned and characterized murine leukemia and sarcoma viruses. Investigated the origin and the functional organization 
of Harvey murine sarcoma virus. Molecularly cloned four DNA fragments containing, human homologous sequences of v-ras (2 Harvey 
and 2 Kirsten) and demonstrated their oncogenic potentials. Studied potential human oncogenes. (In Douglas R- Lowy's Laboratory 
Dermatology Branch, National Cancer Institute, NIH). 
Current 

1) Molecular genetic basis of familial cancer syndrome and the involvement of human oncogenes and tumor suppressor genes in 
carcinogenesis. b 

2) Modulation of oncogene expression by sequence-specific antisense oligonucleotides. 

3) Molecular basis of cellular radioresistance and radioprotection. 

4) Tumor Suppressor Gene Therapy for Cancer (Head and Neck, Breast and Prostate) 

5) Ligand directed, tumor-targeted liposome-based systemic gene delivery 
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infection of Moloney murine leukemia virus. Cell 10: 245-252 (1977). * 
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16. S. L. Berger, MJ. Hitchcock, K. C. Zoon, C. S. Birkenmeier, R. M. Friedman and E. H. CHANG. Characterization of interferon 

messenger RNA synthesis in namalva cells. J. Biol. Chem. 255: 2955-296 1 (1980). mterteron 
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32. C. J. Tabin S. ^Bradley, C. L. Borgmann R. A. Weinberg, A. G. Papageorge, E. M. Scolnick, R. Dhar, R. Lowy and E. H. 
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33. B. a Crawford^ E. H. CHANG, J. L. Goodwin, C. E. Hildebrand, P. M. Kraemer, J. L. Longmire and R D Patenter J Cell 
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members of the p21 gene family isolated from normal human genomic DNA and demonstration of their oncogenic potential In- 
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37. D. Samid E. H. CHANG and R.M. Friedman. Revertants from interferon-treated mouse cells transformed by a human oncogene In- 

The Biology of the Interferon System, Elsevier Science Publishers, (1983), pp. 359-360.. ~ '' 

38. M. S. McCoy, J. J. Toole, J. M. Cunningham, E. H. CHANG, D. R. Lowy and R. A. Weinberg. Characterization of a human 

colon/lung carcinoma oncogene. Nature 302: 79-81 (1983). 
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42. D. Samid, E. H. CHANG and R. M. Friedman. Biochemical correlates of reversion in interferon-treated mouse cells transformed by a 

human oncogene. Biochem. Biophys. Res. Commun. 119: 21-28 (1984). 

43. D. Samid, E. H. CHANG and R. M. Friedman. Inhibition by interferon of transformation induced by a human ras oncogene Biochem 

Biophys. Res. Commun. 126(1): 509-516(1985). °«»"i C ra. 
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treated^ c-Ha-ros- oncogene transformed mouse cells. In: The Biology of the Interferon System (H. Kirchner and H Shellekens 
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48. D. MOOMG and R.M. Friedman. Regulation of ^expression by mterfero, fa Proc. Asian Congress Pharmacol., 

49. E. H. CHANG, J.K. Lin, and P. C. Huang, eds. Molecular Biology of Neoplasia. Academia Sinica, 1985 

50. E. H. CHANG Viral and cellular oncogenes. fa Molecular Biology of Neoplasia (E.H. Chang, J.K Lin and PC Huane «io 
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51. D. SamkLE. H CHANG, and R. M. Friedman. Biological and morphological characteristics of phenotypic revertants annearine in 

interferon-treated mouse cells transformed by a human oncogene. J. Exp. Path. 2(3): 21 1-222 (198^ revertants "gearing m 

52. E. H. CHANG, P. L Morgan, E. Lee-Lawlor, K. Pirollo, E. A. White, P. N. Tsichlis and D H Patrick Pathoeenicitv of 

rejoviruses containing either normal human c-Ha-™ 1 or bladder carcinoma El/124 ras gene! X Exp. SSTm-lW 

53. R. L. Stalling*, R. Black, B. D. Crawford and E. H. CHANG. Assignment of ras protooncogenes in Chinese hamster Imolications 

for linkage conservation. Cytogenet Cell Genet 43: 2-5(1986). namster. implications 

54. E. H. CHANG, R. Black, T. Masnyk and J.B. Harford. Effect of interferon on growth of A431 cells and exoression of FOF r^t™ 

T. Sreevalsan, eds.), Alan R. Liss, New York (1986), pp. 335-350. ' " ^ 

56. E. H. CHANG. Oncogenes and familial cancer syndrome. CAPA 86 Conference Proceedings, College Park, MD, 1986, pp. 21-29. 

57 ' E ' H A 01 ^^ n Pjr0110 ' Z - Q - ^ R Y ' E L K Qma - E - W - B- Be™tein, J- F. Fraumeni, Jr and W 

A^Blattner. Oncogenes m radioresistant, non-cancerous fibroblasts from a cancer-prone family. Science 237: 1036^1039 

58. E. H. CHANG, J Ridge, R. Black Z. Q. Zou, T. Masnyk, P. Noguchi and J. B. Harford. Interferon-induces altered oncoeene 

expression and terminal differentiation in A43 1 cells. Proc Soc. Exp. Biol. Med. 186: 3 19-326 (1987)! 

59. R. L. Blacky Z P. Yu, D. Brown and E. H. CHANG. Modulation of oncogene expression by epidermal growth factor and -interferon 

in A43 1 squamous cells. J. Biol. Regulators Hemeo. Agents 2: 35-44 (1988). inteneron 

60. H. Blanche E H. CHANG J. Dausset and H. M. Cann. A fragment of the human c-Ki-ras 1 pseudogene (HGM9 gene symbol 

KRASIP), localized to 6pl2-pl 1, detects 3 allele, moderately polymorphic RFLP. Nucl. Acid. Res. if: 1652 (1988) 

61. W. Bernstein^ Z. Q. Zou^ R. J Black, K. F. Pirollo and E. H. CHANG. Association of interferon induced growth inhibition and 

SS^T^W"* reCePtor 86ne — ^ ~ ceU carch ° ma ce " ^ 

62 ' E " H ;^^', BlaCk ' J " ^ Wd f meier ^ J - B - Harford - Auction of altered oncogene expression and differentiation in 

squamous cell carcmoma cells in monolayers and three-dimensional cultures, fa The Status of Differentiation Therapy of C^r 
(S. Waxman, G.B. Rossi and F. Takaku, eds.), Raven Press (1988), pp. 63-77. Py 

63. P. S. Miller, L. Aurelian, K.R. Blake, E. CHANG, J.M. Kean, B.L. Lee, S.B. Lin, A. Murakami and P.OP Ts'o Antisense 

ohgonudeoside memyl-phosphonates. fa Current Communications in Molecular Biology. Antisense RNA and DNA (D Melton 
ed.), Cold Spring Harbor Lab., Cold Spring Harbor, New York, 1988, pp. 41-45. ( ^ 

64. E. H. CHANG. Specificity of methylphosphonate oligomers as down-modulators for ras expression. In: NCI/N1AID Workshoo on 

Anti-Sense Oligonucleotides as Therapeutic Agents, Annapolis, MD, 1987 (1988), pp. 91-96. ~ workshop on 
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" " "^nor^^ - - s^eo, genetic ^ fer of 

68 " " G Z - — of efficacy of modified anti-™ 

69. W. J. Richtsmeier, W. M. Koch, W. P. McGuire, M. E. Poole and E. H. CHANG. A phase I-II study of advanced head and neck 

S - Oen^e^ssionof amutated P 53 h a C ance r -p r0 ne f»nily 

71. J. M. Cunningham, G. E Francis, K. F. Pirollo and E. H. CHANG. Abherrant DNA topoisomerase II activity radioresistant and 

inherited susceptibihty to cancer. Brit J. Cancer 63: 29-36 (1991). *"iviiy, raoioresistance and 

72. E. H CHANG and P Miller. Ras, an inner membrane Iransducer of stimuli. In: Prospects for Antisense Nucleic Acid Theraov of 

Cancer and Viral Infection. (E. Wickstrom, ed), Alan Liss, Inc., New York, pp. 1 15-124 (1991). W 

73. S. Srivastava, Z.Q Zou, K. Pirollo, D. Tong, V. Sykes, K. Devadas, J. Miac, Y. Chen, W. Blattner and E. H. CHANG An inherited 

p53 pornt mutetionrn a cancer^one family with Li-Fraumeni Syndrome. In: Neoplastic Transformation in Human' wl5£ 
(IS. Rhim and A. Dritschilo, eds.), The Humana Press Inc., Totowa, NJ, pp. 124-134 (1991). 

?4 ' J ' 417^^ R CHANG ' Interfer0n te^nina, differentiati0n fa S 1 Uamous c --- -lis (A431). 

75. E. H. CHANG, P. Miller C. Cushman, K. Devadas, K. F. Pirollo, P. 0. P. Ts'o and Z. P. Yu. Antisense inhibition of ras n21 

expression that is senstive to a point mutation. Biochemistry 30: 8283-8286 (199 1). ^ense inhibition of ras p2 1 

76. T. McDaniel, D. Carbone, T. Takahashi, P. Chumakov, E. H. CHANG, K. F. Pirollo, J. Yin, Y. Huang, S. J Meltzer The Msnl 

polymorphism m rntron 6 of p53 (TP53) detected by digestion of PCR products. Nucleic Acids Research 190^7* !(T 9 SSf 

11 - E ' ^SS^ ^ EXPreSSi ° n: ° f - * 1 *« «— • 

?8 ' * Y ; A ; T °H 8, 5; DaVad3S ' Z - Q - ^ V - W - SykeS ' Y - ^ W - A - Blattaer > K - F - Knrflo and E. H. CHANG Detection 

of boft mutant and wxld-type p53 protein in normal skin fibroblasts and demonstration of a shared "second h*T P 53 S 
tumors from a cancer-prone family with Li-Fraumeni Syndrome. Oncogene 7: 987-991 (1992). 

79. S. Srivastava, Y A. Tong, K. Davadas, Z. Q. Zou, Y. Chen, K. F. Pirollo and E. H. CHANG. The status of the P 53 gene in human 

papilloma virus positive or negative cervical carcinoma cell lines. Carcinogenesis 13: 1273-1275 (1992) 

80. J. W. Moul, S. M. Theune E H. CHANG. Detection of ras mutations in archival testicular germ cell tumors by polymerase chain 

reaction and oligonucleotide hybridization. Genes, Chromosomes and Cancer 5: 109-1 18 (1992). P 01 ^^ chain 

8LJ - W tT^ 

82 ' P ' °'H P ,'Jf ' L H E> R ™ d P S - miei - N ° n - i0nic Nucleotide analogues (Matagen IV) as anticodic agents in 

duplex and triplex formation. Annals of the New York Academy of Sciences 660: 159-175(1992). 

83. Y. Huang, S J. Meltzer, J Yin, Y. Tong, E. H. CHANG, S. Srivastava, T. McDaniel, R. F. Boynton, and Z. Q Zou Altered mRNA 
and unique mutational profiles of p53 and Rb in human esophageal carcinomas. Cancer Research 53 1 889-1894 (lT 93 ) 
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84. K. F. Pirollo, Y. A. Tong, Z. Villegas, Y. Chen and E. H. CHANG. Oncoeene Transformed Nm/m r.ii rv . n ... • 
Resistance Levels Indicative of a Signal Transduction Pathway LeaZ^^Zn SLt Ph ° 1Sp ^. iaton 
Research 135: 234-243 (1993). ^*aing ro me Kadiation Resistant Phenotype. Radiation 

85 3 BS~ — — ^ ass »s 

87 s ' ^=*^?C*" NesaUve Efite * of a " Mu " p53: A Sttp 

88. E. J. Kuhn, R. A. Kurnot, I. A. Sesterhenn, E. H. CHANG, and J. W. Moul. Expression of the c-erbB-2 (HER-2/neu) Oncoorotein in 
Human Prostatic Carcinoma. The Journal of Urology 150: 1427-1433 (1993). oncoprotein m 

89 ' R ' ^'p - M - PriC A K , R ?k ° n °' E ' tt CHANG « ^ K " K - Sanford Re ^ to G 2 Phase x-irradiation in Relation to 

DNA Repair and Radxosensistitivy in a Cancer-Prone Family with Li-Fraumeni Sylome. Radiation Setch 136 t xlllo 

90. U. K^id, f 95 P j^ ^ Dritschido, ^ E. H. CHANG, Oncogenic basis of radiation resistance. Advances in Cancer Research 

9L M ' ^IL^T * D r daS,G .- ^ ^ K ' R ^ md E - tt CHANG ° f *» Retinoblastoma (RB) Protein 

92. K.F .Pirollo, X.Y Lin, Z.M. Hao, Z. Villegas and E. H CHANG. Molecular Mechanisms of Cellular Radioresistance and 
^UnSgy ~ R3diat,0n ** GaStr0toestinal Tra * (A- Dubois, G.L. King, and D.R. Livengood, ^ SSss " P 

93 ' KR Son Statt JhtS^' E ; H - C ^ G - EVideDCe SUpP0rtiDg A Signal T ^-tion Pathway lading to the 

Radmtion Resistant Phenotype m Human Tumor Cells. Biochemical Biophysical Research Communications 230: 196-201 

94 ' L X N^SL^tI;™;^ 0, T I^ fe i™- Li P 0S0 ^ Mediated Sensitization of Squamous Cell Carcinoma of the Head and 
Meek to Radiation Therapy. Human Gene Therapy 8: 467-475(1997). 

95. E. ttCHANG^ Z. Hao, A Rait, Y.J. Jang, W.E. Fee, H.H. Sussman, G. Murphy, P. Ryan, Y. Chiang, K.F. Pirollo Restoration of the 

N ck toSoi ^PT*'?^ Mediat6d by Wild ^ e P53 SensitiTkquamous^ell cJ^SS^Z 
•Neck to Radiotherapy. Archives of Otolaryngology-Head & Neck Surgery 123: 507-512(1997). 

96 ' K ' "ScaiLmT;^ V J?" ? V? ^ R ^ Y - Qdat ' KH CHANG '- P53 Mediated Sensitization of Squamous 
Cell Carcinoma of the Head and Neck to Radiotherapy. Oncogene 14: 1 735- 1 746 (1 997). 

97. S Suy, W B Anderson, P. Dent, E.H. CHANG, U. Kasid. Association of Grb2 with Sos and Ras with Raf-1 upon eamma 
irradiation of breast cancer cells. Oncogene 15. 53-61 (1997). ^ gamma 

98. S. J. O'Brien S Cevario, J.S Martenson, M.E. Thompson, W. Nash, E.H. CHANG, J. M. Graves, J.A. Spencer K-W Cho H 

Tsujimoto, L.A. Lyons. Comparative Gene Mapping in the Domestic Cat (Felis catus). J Hered. 88: 408-414, (1997). ' ' 

"' L ' ^orR^Iit^ A " T^-^ 2^ SyStemiC P53 Gene ^ Combination Radiation Results in Human 

lumor Regression. Tumor-Targeting 4: 92-114 (1999) 

100. A. Rait, J.E. Krygier, K.F. Pirollo, and E.H. CHANG. Sensitization of Breast Cancer to Taxol by Antisense HER-2 

Oligonucleotides. Antisense and Nucleic Acid Drug Development 9 403-408 (1999). 

101. L. Xu, K.F. PiroUo W. Tang, A. Rait, and E.H CHANG. Transferrin-Liposome-Mediated Systemic p53 Gene Theranv in 

m^im)^ 0a RCSUltS " RegreSSi ° n ° f HUman Head and CanCCr Xen0 ^ Huma^G^e Th^/io" 
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Cells. Bioconjugate Chemistry 11: 153-160(2000). ^aianon Kesistant 

104 ' A ' MnHifi nTT" A nr eym ^' ^ WiU ' md ^ CHANG - Uribffim of P 21 S ^sis Using Partially Phosphorothioate 
Modified Antisense Oligonucleotides Directed against Ha-ray. Anti-Cancer Drugs 11: 181-191 (2000). ™ os P noromi ° ate 

105 ' K ' F (!m' L XU ^ E * H * CHANG - P53 N0D " Viral GenC DdiVeiy ' Current °P inion in Molecular Therapeutics 2: 168-175 

106. E. ^ CHANG ICR Pirollo and K.B. Bouker. Tp53 Gene Therapy: A Key to Modulating Resistance to Anticancer Theraoies? 
Molecular Medicine Today 6: 358-364 (2000) /uin^ancer inerapies/ 

1 07 ' K ' F ^lMfS^) E * CHANG - D06S P53 StatUS Mua,Ce reSp0nSe t0 *«P*' Anti-Cancer 

108 ' L ' X ^*f E f CH fS TUm ° r - Targeted p53 " Gene lte W Enhances ** Efficac y of Conventional 
Chemo/Radiotherapy. Journal of Controlled Release 74(1-3): 1 15-128 (2001). 

109. A. Rait, V. Rait, K. F. Pirollo, J.E. Krieger,, and E.H. CHANG, Inhibitory Effects of the Combination of HER-2/erbB-2 Antisense 

^^iT^""^^ ^ ^ Treataent ° f HUman BreaSt ^ ^ CaDCer ^ TnTrapy 

1 ,0 ' Z ' A R Sn5 S " P ^ " nd KR CHANG. Down-modulation of bFGF-Binding Protein Expression Following 

Restoration of p53 Funct,on-A Possible Mechanism for the Bystander Effect. Cancer Gene Therapy 8:771-781 (2001) 

1 1 1 ' L ' X rZ?' C r^f ' W - A,exander > L M - K - F - K~Do, A. Rait, and E.H. Chang. Systemic P 53 Gene Therapy of 
Cancer w,th Immunohpoplexes Targeted by Anti-Transferrin Receptor scFv. Molecular Medicine 7: 723 734 (2001 ) 

112 ' L - X Su e ^ 

1 L ' X T^' tZ!^' nT & W ?'I m % A ' ™* Y ' Z ' YiD ' M - ^ L " ^ K " F - Pirollo > E - H - GHANG. Systemic . 
34^(2002) ^ y Antl - Transferrin Rece P tor scFv-Immunoliposomes. Molecular Cancer Therapeutics 1: 337- 

H4 ' A ' SIP' v^i L - M D Xian & D " ulic k. and E.H. Chang. Tumor-Targeting, Systemically Delivered Antisense HER-2 
Chemosensrtizes Human Breast Cancer Xenografts Irrespective of HER-2 Levels. Molecular Medicine 8(8); 476-487 (2002) 

1 15. K.F. Pirollo, L. Xu and E H. Chang. Immunoliposomes: A Targeted Delivery Tool for Cancer Treatment in Vector Targeting for 

Therapeutic Gene Delivery. (D.T. Curiel and J.T. Douglas, eds.) John Wiley & Sons. 33-62 (2002) 

1 16. P£™^^^J E -H- Chang. Antisense Therapeutics: From Theory to Clinical Practice. Pharmacology and 

1 17. Y. I Jang, PuoUo, Z Hao Y. Chiang, and E.H. CHANG. Restoration of the G, Block and Apoptotic Pathway in SCCA of the 

HeadandNeck by Adenoviral Vector Mediated P 53 Gene Therapy, Submitted to Carcinogenesis. "^Aotthe 

1 18. L. Xu, K.F. Pirollo, W.H. Tang, L.M. Xiang, A. Rait, D. Ulick, W.A. Alexander and E.H. CHANG. Systemic P53 Gene Theraov 

Using a Tumor-Targeted Adenoviral Vector Results in Radio/Chemo Sensitization and Long-Term Tumor Regression 
submitted to Science. 

1 19. A. Rait, K.F. Pirollo , L. Xu, V. Rait, L. Xiang and E.H. CHANG, Antisense HER-2 Oligonucleotides Sensitize Human Breast 

Cancer to Taxotere In Vitro and In Vivo. Submitted to Human Gene Therapy. 

120 ' K B s!bn^tIed C to MCI "* E CHANG ' P53: CUlprit ° r ByStand6r * ±e Treatment FaUure of ^Chemotherapy. 
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121. M.S Jhaveri, A.S. Rait, J.B. Trepel, E.H. CHANG. Antisense oligonucleotides targeted to the human alnha folate ™t„ v 
breast cancer cells to doxorubicin treatment in vitro. Submitted to Molecular Candr Thereto P 

THESIS AND DISSERTATION 

1. E. H. CHANG. Adaptation of Grace's continuous lines of insect cells to medium containing heterologous serum 

??S OT ^ S ^ ^ ^ ReSEarCh Unit Na 2 ' FU Jen V™™*' Tai ^ Taiwan 0967 

Ph n nS^ ^"T^m-^ ° f P 0 ^^™ °fGanjam Virus in CE, BHK and VERO mdAedes albopictuscells 

Ph.D. Dissertation, Southern Illinois University, Carbondale, Illinois ( 1 974). wpicautxia. 

PATENT - APPLICATION FILED 

1. c-Raf Transgenic Non-Human Mammals. 

2. An Automated Method for the Detection of p53 Mutations. 

I' M r Snf°p TUm T 5? C ° mbination of ****** Transduction with Polynucleotide Encoding Wild Type P 53 

MM O^:^ ' 10 Radiati ° n ^ "* t0 Chem0theraPy m CanC6r CeUs Uri «* Seqince-Spedfifinti- 

5. Modified Antisense Nucleotides Complementary to a Section of the Human Ha-ray Gene 

6. Targeted Liposome Gene Delivery. 

7. Compositions and Methods for Reducing Radiation and Drug Resistance in Cells. 

8. Systemic Viral/Ligand Gene Delivery System and Gene Therapy. 

9. Ligand-PEG "Post-coated" Cationic Liposomes for Targeted Gene Delivery. 

10. Antibody Fragment-Targeted Immunoliposomes for Systemic Gene Delivery 

1 1 ' Seli^ryi^ "* C ° mplexing 311 Anlibo * r Fragment-Targeted Immunoliposome for Systemic Gene 
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RESEARCH GRANTS 

Esther H. Chang, Ph.D. 

1. Currently Active Support: 

1 . National Institutes of Health, A Novel Improvement on Radiotherapy for SCC HTj 

P.I. 20% Effort on Project ~~ " 

Project Period: ! aprjl 1999 . 31 yy^^ 2m 

Total: $286,320 

2 " H^O^S.Sri^ ' ReSCarCh ' Chemosemiti7atlon of Brea - St C * n ™ h Y By*™* „ f ^ nti 

P.I. 5% Effort on Project 

Project Period: 1 OCTOBER 2000- 30 SEPTEMBER 2003 

Total: $130,435 

3. MHSTTR Phase I Application 1R41 CA91660-01A1. Targeting Stealth™ T iposome for r^r-,. Th~ n , 

Jointly with SynerGene Therapeutics, Inc ' PY 

10% Effort on Project 

Requested project period: 1 JUNE 2002 - 3 1 MAY 2003 

Total Requested: $41^43 (Georgetown portion). 

4. NTH STTR Phase II Application 2R42 CA80449-2A1 Immunoliposome-M Miated Gene. Th^p v f. r Prostate c ,nr,r 

Jointly with SynerGene Therapeutics, Inc. n 

20% effort on project 

Requested Project Period: 1 SEPTEMBER 2002 - 3 1 AUGUST 2004 

Total Requested: $169,280 (Georgetown University Portion). 

5. NCI, decision Network Program, Transferrin-Liposome fSvnerlirA Medial Systemic Gen. TVlh^y for Human Pro^t. rw. 

Project Period: February 1999- 

PhaseU^^ 

6. NCI, Rapid Access to Intervention Development (RAID) Program, Tumor-Specific Targeting of wtn53 hv Anti.Tr g n ,f^„ ReceDtor 

Single^ Chain Antibody: A New Th erapeutic Strategy f o r Prostate Cancer Tr^nt ^ V ranster ™ ReCCpt ° r 

Project Period: 1 APRIL 1999- 

The RAID program does not supply funds to the approved projects. The RAID is designed to accomplish tasks that are rate 

Se S^T^f fr ° m ±G lab ° rat0iy t0 ^ ^ h SUp P° rt ° f ^ pr0 * ct * e ^ P otS is JEST 
Son pTa^mfd ' deVd ° Pment COntraetS > GLP/GMP grade reagents including the TfRscFv, the liposotS and the wtp5? 

2. Past Support: 

1. USUHS, Regulation of the Expression of Human c-ras Genes 
1 OCTOBER 1982 - 30 SEPTEMBER 1985. 
$60,000 - 3 years. P.I. 10% 



2. USUHS. Molecular Cloninp o f a Tumor Oncogene in a Cancer-Prone Family 
1 OCTOBER 1 985 - 30 SEPTEMBER 1989. 
$154,125 -4 years. P.I. 10% 

3 - NM, Oncogenes fc-ras 1 ) in Human Cancer Induction 
1 MAY 1983 - 30 APRIL 1986. 
$160,000 -3 years. P.I. 40% 



4. 



Applications of Advanced Laser Technology (MAALT). Probing the Molecular Mechanisms o f Carcinogenic 
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1 JANUARY 1986 - 31 DECEMBER 1988. 
$150,000 -3 years. P.I. 10% 

5. NIH, Oncogenes in Human Cancer Induction . 

1 SEPTEMBER 1986-31 DECEMBER 1989. 
$258,791 - 3 years. P.1. 40% 

6. NIH, a program project. Subproject III. Modulation of Tumor Cell Growth . Program project P.I. Paul O. P. Tso, Johns Hopkins 
University. Program project. Title: Oligonucleotide Analogs as Antiviral/Anticancer Agents 

1 AUGUST 1986 - 3 1 DECEMBER 1989. 
$145,190 - 3 years. Co-P.L 15% 

7. Medical Applications of Advanced Laser Technology (MAALT). Experimental Therapy of Human Colorectal Tum ors 
1 JANUARY 1989 - 3 1 DECEMBER 1990. — " 
$80,000 -3 years. P.I. 10% 

8. NIH, Modulation of Tumor Growth in vitro and in vivo . 
1 JULY 1990 - 30 JUNE 1995. 

$649,018 -5 years. P.I. 15% 

9. NIH, Oncogenes in Human Cancer Induction . 

1 DECEMBER 1989 - 30 NOVEMBER 1994. 
$757,798 - 5 years. P.I. 25% - 

10. USUHS, Inherited Genetic Defects in Li-Fraumeni Syndrome . 
1 OCTOBER 1992 - 30 SEPTEMBER 1995. 

$81,000 - 3 years. Co-P.I. 5% 



1 1 . Naval Medical Research and Development Command. Demonstration of Cytokines and Growth Factors in Wound Healing 

1 APRIL 1991 -30 SEPTEMBER 1996 : *' 

$485,400 - 5.5 years P.I. 5% 

12. National Foundation for Cancer Research, HU0001, Modulation of the Radiation-Resistant Phenotypes of Tumor Cells bv Seq uence- 
Specific Oligonucleotides . 

1 OCTOBER 1988 - 30 SEPTEMBER 1999 
$638,750-9 years P.I. 10% 



13. NIH, CA45158, The Status of Suppressor Genes in a Cancer-Prone Family . 
1 DECEMBER 1994 - 30 NOVEMBER 1999 

$1,003,887 - 5 years P.I. 30% 

14. Genetic Therapy Inc/NOVARTIS, Sensitization of Tumors to Radiation Therapy bv Restoration of the Gl 
Checkpoint . 

1 OCTOBER 1 997 - 30 SEPTEMBER 1 998 
$60,000-1 year P.I. 5% 



15. NIH STTR Phase I Application 1 RA1 CA80449-01. Immunoliposome-Mediated Gene Therapy for Prostate Cancer 

(Jointly with SynerGene Therapeutics, Inc.) 
1 NOVEMBER 1998-31 OCTOBER, 1999 
$57,600 (Georgetown University Portion) 1 year, P.I. 10% 

16. NIH, 5D50 CA58185-06, SPORE in Breast Cancer fMarc R rippman P T ) 

Development Project, p53 Mediated, Tumor-Targeted Sensitization to Chemotherapy and Radiotherapy . 
1 SEPTEMBER 1997-31 AUGUST 200 1 
$50,000- 4 year P.I. 10% 

17. DOD Concept Award, Systemic Apoptin Gene Therapy for Chemo/Radiosensitization of Breast Cancer 

1 SEPTEMBER 2000-3 1 AUGUST 200 1 
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$50,000- 1 year P.I. 5% 



3. Pending Support 

1. NIH ROl Application. Non-Invasive Methods to Assess d53 Gene Therap y Effects 
Submitted on February 1, 2001 
1 5% effort on project 



2. NIH ROl Application. Surrogate End-Points to Assess p53 Therapy in SCCHN . 
Submitted on June 1, 2001 

1 0% effort on project (CO-PI) 



3. NIH ROl Application. Systematic Sensitization of Pancreatic C ancer to Gerr^r 
Submitted on February 1 , 2002 
20% effort on project 



Request Project Period: 
Total Requested: 



1 DECEMBER 200 1 - 30 NOVEMBER 2005 
$1,513,200 



Requested Project Period: 
Total Requested: 



1 April, 2002 -31* March, 2006 
$1,496,640 



Requested Project Period: 
Total Requested: 



1 December 2002 - 30 November 2006 
$1,864,810 
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ANALYTICAL BIOCHEMISTRY 132, 68-73 (I9B3) 



A New Reagent Which May Be Useb to Introduce Sulfhydryl Groups ifl 
Proteins, and Its Use in the Preparation of Conjugates for Immune? 

R. Julian S. Duncan, Peter D. Wi*ton, and Roger Wrigglesworto <g 

The Wellcome Research Laboratories, Langtey Court, Beckenham. Kent. BKB 3BS. Unite* Kinsdam 

Received December 1, 1982 

A synthesis of the ^hydmxysucdnimide rstci of MylihMc ™! 
material is stable when stored dry and heritages over the ™^ v ^ h ^ n ^ 
£m« sulfhydryl groups into a variety o proteins. Proteins modified with 
te used to pr^ conjugatc, for enzyme immunoassay- The co^ 

^ - - - or antibody iUtcr and function, and ihc conjugates 



cause little or no los& of either enzyme activity 
contain little polymeric maierial 



Sulfhydryl-rnaleimide coupling is a tech 
nique for the preparation of protein to proteir 
conjugates which occurs through very stablt 
amide and thioether bonds with the necessary 
modification reactions usually causing very 
little disruption to the functions of the pro 
teins (reviewed by Ishikawa (1)). Proteins 
be conjugated must have at least one func- 
tionally unessential sulfhydryl group; other 
wise it is necessary to incorporate such a groui > 
into the molecule before conjugation is pos- 
sible. There are three methods commonly usejl 
to achieve this: by reaction with ^-succinim 
idyl 3-(2-pyridyldithio)propionate (SPDI 1 ; 
from Pharmacia), with methyl 4-mercaptcj- 
butyrimidate in the presence of 4 7 4'-dithi<>- 
dipyridine (2), or with SAMSA 1 (3). Each of 
these methods introduces a sulfhydryl group 
protected from adventitious reaction, partic- 
ularly oxidation, so that the substituted pro- 
teia may be stored for long periods. Use of 
SAMSA has an advantage over the oth;r 
methods in that deprotection is with hydro k- 
ylamine, rather than with excess of anothfcr 
thiol which has to be scrupulously removfed 



1 Abbreviations used: SAMSA, ^acetylmercaptoiic- 
cinic anhydride; SATA, tf-wccinirnidyl S-acetyluiioajai- 
tatc; IgG, Immunoglobulin G. 

OOOS-2697/83 $3.00 

topyn*M e 19B3 by Academic Prm Inc. 
All rtst»l* of rtprodurtion in any fc™ reserved. 



before proceeding with the conjugatSjj 
SATA, the reagent described in this c6 
munication, has this advantage of SAMSA^ 
two firrther. First, the electrostatic charf' 
ihe modified protein is less disturbed (lo 
one positive charge per sulfhydryl ins 
compared with the loss of a positive and j 
of a negative). Second, only one form c* 
rivative can be formed with SATA wh 
the linking amide bond may be with eith&Q 
the carboxyl functions of SAMSA, lending! 
problems in characterization of conj * 
small Imolecules and peptides. ? fT 

MATERIALS ^ 
Succinimidyi 4^maleimidomethyl)gV 
clohexane-l^arboxylate was a gift to»J j 
Ishikawa, or was obtained from Pic^Jftji 
riner (Chester, U. K..). Horseradish W T0 *W 
was Type VI from Sigma (London) I^flgX 
had an R z (4) of about 3. Thiopropylg 
pharose 6B and Sephacryl S-300 ******* 
Pharmacia. Organic solvents were i| 
then stored over a Fisher Molecular SJR ft 
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the method 
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ide(4.l5 
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wasrecry 
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Type 4A» to ensure dryness. IgG was pu™?t 
from sheep serum by salt fractionation^ ^ £u 
chromatography on DBAE-cclluIose ; 0^ «g 
chemicals were from BDH Poole (P**! 
U, K.) or Sigma (London) Ltd 



Fig. 1 
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j METHOOS AND RESULTS 

ft, synthesis of SATA. The structure of 
( K shown in Fig. 1. i-acetylthioacetic 
^JVifiH t 0 02 inol), made in 48% yield 
:e Sulfhydryl Groups into.J^ife method of Benary (5). was dis- 
jgates for Immunoassa Li«<i in dry dichloromethane (5 ml), mixed 

•Sydroxysuccinimide (2.30 g, 0.02 mol) 
TtOml of dichloromethane, and stirred at 
lm temperature for 10 min. Dicyctohcx- 
S£B* (4.15 6,0.02 mol) in 2 ml ■ of 
JddoromethaDe was added and the reaction 
nurture was stirred for 18 h at room tem- 
'penlure. The precipitated dicyclohcxylurea 
(4024 g) *as removed by filtration and the 
titrate evaporated, then stirred with dicblo- 
rarnethane (50 ml). Residual area (0.484 g; 
tolalreeovery of the urea = 100%) was filtered 
offand the filtrate evaporated to give a yellow 
•eding with the conjugation ' <flwhi* crystallized on trituration with ether, 
eagem described in this co» The solid was recrystallized from 
.asthisadvantageofSAMSAaU togiyeSATA (3.162 g, 68%), mp 5-86 C. 

First, the electrostatic d»ptf ^^^^^: t l ^S]^ 
protein is less disturbed (k*rf «<CDa 3 )2.40 (S, 3H), CfhCO; J" 
charge per sulfhydryl insert*, nccumnidyl-; 3.93 (S. - S "V "^""I 

JonadC 41.41%; H .84% N. .70%. 
>. Second only one form of* W«> 5 S requires C, 41.56%; H, 3.90%. 
be formed with SATA whena N,6.06%). 

nide bond may be with either^ TheNMR spectrum of material stored for 
functions of SAMSA, leadi**' W™mately 2.5 years at 4'C over silica gel 
^cteri^ation of conjugal about 10% decomposition to give ^ 
u* ,„,f M ,,tirf w « hydroxysuccinimide. Further evidence of this 

.les and peptides. , ^ <fccomposition is ^ by th i n ^ayer 

chromatography using methyl ethyl ketone as 
MATERIALS —.— -- ' --- • - 
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^cnt, and by small shifts in titration curves 
. Jm 4-(A r -maleimidomcthyl>^ 1 ^ ^ shown jn pig 2 

:arboxylate was a gift fr° m w * Al - 



« roe type shown in Fig. 2. 
:arboxylate was a gift l * om JZ ft) Reaction of SATA with proteins. The 
was obtained from Rer< *".J v to be alkylated with SATA was dis- 
\U,K.). Horseradish P^* 1 ^' **** in 50 mM sodium-potassium phos- 
from Sigma 

(Undon) UW* |*«e,pH7.5, containing 1 mM EDTA. Just 
4) of about 3. ThiopropV before use, SATA was dissolved at concen- 
md Sephacryl S-300 werej^ tattoos U p to 150 mM in dimethylformamide 
►rganic solvents were d, * ulle : io . m «*led to the solution of protein at room 
over a Fisher Molecular 
=nsurt dryness. IgG was P«n»J 

.rum by salt |*\- Lh^Xc-, 
phy on DEAE-ccUulose^ \ y 

ere from BDH Poole <P»»" 

} ma (London) Ltd. Ft0 - >• The «mcuire of SATA. 



tem pcrature with the concentrations adjusted 
so that less than 10 of organic solvent were 
added/ml or aqueous solution. The reaction 
bctjveen 65 nM IgG and 520 M M SATA is 
conpleie within 10 min as may be shown by 
sto aping the reaction (by the addition of Tris- 
HCl. pH 7.8. to 60 mM) at various limes after 
mixing the reactants and measuring the ex- 
tent of 5-acetylthioacctylation of the protein. 
Afi erderivatuaiion the protein was separated 
from small molecules by gel filtration into the 
phtsphate-EDTA, and was stored either at 
4° 2 or frozen. 

Particular proteins are S-acctylthioacetyl- 
ated by SATA to an extent which depends on 
ihl concentrations of both reactants, and the 
relationship between these variables for ccr- 
ta n proteins is shown in Fig. 2 and Tabic 1. 
Tic graph shown for IgG in Fig. 2 was ob- 
tained with IgG from sheep serum, but an 
identical relationship was found for a number 
of conventional and monoclonal IgG prepa- 
rations. The effect of SATA treatment on the 
fvnctional capability of an antibody was in- 
vestigated using the mutant fl-galactosidase- 
aiitivating antibody system (6) which allows 
direct measurement of both the binding con- 
stant and stoichiometry of the antibody-en- 
zlme reaction in solution. It was found that 
incorporation of up to a mean of at least 6 
nol of 5-acetylthioacctate/mol oflgG had no 
c iscernible effect on either of these constants, 
dr on the extent of activation of the enzyme. 
}lencc incorporation of this reagent into an 
Jntinody has little effect on its function. In 
<ix separate reactions of 65 pM IgG with 2.5 
,r,ol of SATA/mol of IgG an incorporation of 
'.i mean of 1.18 .t 0.06 (SEM) mol of suHhy- 
dryl/mol of IgG was found after deacetylat.on 
[see below), and 24 ± 1 .2% of the protein then 
failed to bind to activated thiopropyl Scpha- 
ro« 6B during chromatography following the 
general method of Brocklehurst el al. (7) 
There was an unmeasurably low level ul 
sulfhydryl in the unbound protein. (The con- 
centration of unbound protein was measured 
after gel filtration to obviate interference from 
2-mercaptopyridinc from the column.) 
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15 



20 



5 io 

RttKirOn r?tio : mol S MA/mbl protein ^ 



W Deacetylation of the derivative and 
measurement of sulfhydryl content. The acetyl 
group used to protect the suiOrydryl group 
during preparation of SATA and its incor^ 
poration into protein was removed with hy- 
droxylamine (prepared by adding 50 mmol of 
hydroxylamine hydrochloride and 2.5 mmol 
of 'EOTA to about 80 ml of water, adding 
$olid disodium hydrogen phosphate to give a 
pH of 7.5, then adjusting the volume to 100 

table i 

Effect of IgG Concentration in the Reaction 
of SATA with l&O 



m 
m 

Til 
aftbr 



. and using 100 ^1 of this solution for. 
of protein solution to be deacetylated) 
c sulfhydryl was more than 90% expc,. 
about I h at room temperature and then 
negligible change in the sulfhydryl co£t 
ce^tration over the next 24 h when the 
was kept stoppered at 4°C. SuJfhydff 
measured using Ellman's reagent (9) or r 
,4-dithiodipyridine (10) for solutions of to 



was 
< 

lutjon 
wafc 
4, 



IgO concentration 
(mm) 



Sulftiydryl/IgG 
(mol/mol) 



teiris 
me it 



60 
30 
12 



4.0 ±0.05 
3.J ±0.2 
I-fl4 ±0.1 



Vote, A cocsiam raiio of 10 mol ofSATA/moI of IgG 
was allowed to react ax various protein concemrmions and 
ihc sulfhydryl inserted »z$ then measured qs described, 
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fltf IgO derivative was 
to SATA-treaUid pen 
iaaJk of about 1 mol 
potent) that had bee 
on*- After 1-2 h at ; 
tetfioA was stopped 
' ca ptoethanol to twice i 
concentration and th< 
. ethyhnaleimide to twit 
concentration. The rati 
ft the conjugates wa 
matdy from a knowle* 
* of Ae conjugates at 40: 
R s of peroxidase and 
composition of the con 
by changing the ratio c 
lowed to react or by ' 
t makimide substitution 
IgO concentration of \ 
omol ofthetgG with3J 
othiolated peroxidase i 
containing a mean of 
zyme/raol of IgG, rest, 
20 nmol of IgG contain 
mol with 180 nmol of p 
jugates containing 5.4 
of IgG. 



mo proteins. 

(d) Preparation of conjugates and thtir\ 
characterization* Reactive maleimide rrtt 
du^s were incorporated into one of the pifr' 
to be conjugated, usually IgG, by trea*-* 
with succinimidyl 4-(/V-maJeirakto- 
meihyl)cyclohexane-l-carboxylate (11), aifd 
extent of reaction was measured by baefci 
titration with 2-mercaptoethanol and & 
's reagent, A titration curve similar l» 
in Fig. 2 enabled selection of thereagcA ' 
concentration required for a given degree A 
substitution; for the conjugates described ba- 
the IgG was substituted with a mean d' 
rraleimide ! re$idues/moI except as noted 
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0 m1 of this solution for eadi 
ution to be deacetylated) (!J 
/as more than 90% exposed 
room temperature and then 
tange in the sulfhydryl co&» 
the next 24 h when the s> 
stoppered at 4°C Sulfhydryl 
iing Ellman's reagent (9)orr 
line ( 10) for solutions of he 

on of conjugates and then* 
Reactive maleimide re> 
K>rated into one of the pifr 
gated, usually IgG, by treat*- 
cinimidyl 4-(ys/-malein)ido- 
ine-l-carboxylatc (II). 
:tion was measured by back- 1 
-mercaptoethanol and f& 
K titration curve similar » 
ibled selection of thereagefti • 
quired for a given degree d 
the conjugates described fe" 
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r#G derivative was added over about 0-5 h 
^QATA-treated peroxidase (containing a 
10 of about 1 mol of sulfhydryl/mol of 
mC Il) that had been deacetylated prevU 
ivAfter 1-2 h at room temperature the 
SL was stopped by addition of 2-mer- 
toethanol to twice the original malomide 
JScentration and then, 15 mm later, N- 
!Lmaleit*ide to twice the total sulfhydryl 
Tneentration. The ratio of peroxidase to IgG 
. ^ conjugates was calculated approxi- 
mately from a knowledge of the absorbance 
' of the conjugates at 403 and 280 nm and the 
/t of peroxidase and it was found that the 
imposition of the conjugate could be varied 
by changing the ratio of IgG and enzyme al- 
lowed to react or by varying the degree of 
maleimide substitution of the IgG. At a final 
IgG concentration of 20 mm, reaction of 12 
nmol of the IgG with 38 or 200 nmol of mon- 
othiolated peroxidase resulted in conjugates 
containing a mean of 1.5 or 2.5 mol of en- 
zyme/mol of IgG, respectively, Reaction of 
20 nmol of Ig G containing 9 mol maleimide/ 
' mol with 180 nmol of peroxidase yielded con- 
jugates containing 5.4 rnol of enzyme/mol 
of IgG. 
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The chromatographic and electro phore tic 
characteristics of a conjugate of IgG and per- 
asc (350 nmol of peroxidase reacted with 
nmol of IgG) are shown in Figs. 3 and 4. 
be seen that the conjugate was sepa- 
(t ™. clearly from the excess of enzyme by 
chromatography on Sephacryl S-300. Electro- 
of the pooled conjugate of Fig. 3 on 
poljyacrylamide gels in the pH 2.4 system of 
r et ai (12) (Fig. 4) shows that the con- 
p.v is polydispersc but. unlike the conju^ 
i prepared by periodate oxidation of per- 
se (1 3) and shown for comparison, has 
ie high molecular weight material near 
starling point of the gel, and no unla- 
IgG. 
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DISCUSSION 



Our chief applications for SAT A have been 
ihe conjugation of an enzyme, usually per- 
dase but on occasions urease, to IgG for 
in enzyme immunoassay and for the con- 
of peptide hormones. For these ap- 
plications it is important to minimize the for- 
-^r ^y^h^ rt mri»rtt so as to con* 
th e effecti ve titer o f the , art tibody. ana 
r^ucrTno^^ 10 
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FlO- 3. Chromatography of an IgG -peroxidase conj igatc, 
Sephaeryl S-300 (95 X 0,8 env) in 50 mM Tris-HCI, pH 
monhorcd ai 280 and 403 nm, ami ihe raiio of peroJiitasc 
broken curve. Elutinn volume increases lowarU the rig it. 



Conju&aie (6 ml) wa* chruroaio&raphctl on 
8.0. at a flow rate of 4 cm h The effluent was 
to IgG m the eluate is shown by ihe upper 
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FiG- 4. Electrophoresis of IgG-pcroiudase conjugates. 
Fig- 3; W prepared by ihe Nakane and Kawqoi <i3 
pH 2.4 (12). The gels were stained wilh Cooma&ie 
point marked with an arrowhead. The top of (he gel 



i. About 30 Mfi of peroxidase conjugates ((A) from 
technique) was electrophoresed for JO mA-h/ficJ n 
blue R-250 then scanned at 595 nm. IgG runs to the 
(anodic) is to the righi. 



tensure complete lack of polymer forma tion 
dnrTng conjuj 



ation \pne of the proteins must 
ar only a^singlc substit u e ni. It would be 
expected that the reaction oT SATA with IeG 
wftni^jyp n Hi\tphnt^ n of alkylnrgd „r^lf^ 
c ules which is apj>rox im^telv Pnisson in form: 
f or Igd substitujC iLvvLth a mean of l.l^m ol 
o rsulfhydrviym oii^rde in (b) above) 

a Poisson distribution would encompass some 
36% of the molecules being monosubstituted, 
33% having more than one substitueni, and 
31% being unsubstituted; this prediction is in 
reasonable agreement with the 24% found un- 
substituted by experiment. Hence , single sub- 
stitutio n can be obtained LwitF on ) Vfgrrlal l 
rracuon _of IgGi molcculesTand^ is is proba bly 
UjucTortr^ with horseradish 

peroMOa^Tn which very few amino groups 
are available for substitution (( 14) and Fig. 2) 
multiple substitution would be expected in a 
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significant proportio n n f the molecule s. Nce' 
ertheless i t is apparent that fewer PQtetrt ft 
p o ly meriz ^i on^sh 

active group mentioned above is .inserted W 
the peroxidase rather than thejgjg- wrfnttB 
in mind we attempted to minimize the prc& 
lem of polymer formation by slowly adW 
the IgG. substituted with 4 mol of maldmid^t 
moL to a calculated molar excess of enzytf 
molecules bearing a mean of one subsuturi 
group. As can be seen from Fig. 4, this pro- 
cedure is effective if the conjugation reactw^ 
is stopped after about 2 b- Conjugates P"> 
pared by this technique contain no unlaW™ 
IgG, as may be seen from Fig. 4 and afeofo ^ 
chromatography of conjugates of peroxi** 
on immobilized concanavalin A wheno 08 * 
tibody is eluted before the enzyme. We V* 
found that it is unnecessary to do more tba* 
dialy7X the conjugation mixtures directly 31 * 



WORTH 



THIOACETYLATIDN OF PROTEINS 




I ^ nnijm thc ructions with i^ethylmaleimide 
? °Kr to prepare products satisfactory for 

j ^variety of enzyme immunoassays. 

I The synthesis of this ester, SATA, is simple 

. J gives a good yield of a stable product. 
JT SATA is also straightforward and gives 

' ll^ucible modification of a variety of pro- 
Sunder mild conditions, with little loss of 

, the activity or function of the protein. 
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Abstract 



The development of Jong-circulating formulations of liposomes (S-lipo$omko, sterically stabilized with lipid derivatives of poly(eihyU 
ene glycol) (PEG), has increased the likelihood mat these liposomes, eoupleb to targeting ligands such as antibodies, could be used a* 
drug carriers to deliver therapeutic drugs to specific target cell populations in vivo. We have developed a new methodology tor attaching 
monoclonal antibodies w the terminus of P£G on S-liposomes. A new end-jjroup functional ized PEC-lipid derivative pyridylthiopropi 



onoylamino-PBG-disiearoylphosphalidylethanolamine (PDP-P£G-DSPE) was 
DSPE into S-liposomes followed by mild thiolysis of the PDP groups resulted 
lipid vesicles. Efficient attachment of melcimide-derivatired antibodies took 

runcnonaiized PEG-lipid in S-liposomes was below |% of total lipid. Hie resulting S-immunoliposomcs showed efficient drug remote 
loading slow drug release rates and increased survival times in circulatidn compared to liposomes lacking PEG. When antibodies 
recognising several different tumor-associated antigen? were coupled to the PEG terminus of S-liposomes, a significant increase in the m 
vitro binding of liposomes to the target eel 1 3 was observed. The binding of S- mmunolipofromcs containing entrapped doxorubicin to their 
large! cell population resulted in increased cytotoxicity compared to liposomes lacking the targetine antibody. 

Keywords: Sterically aiabilizcd liposome: Polyethylene glycol)-, Liposome targeting: I^xonibicin: Immunoliposome: Selective icixtciiy: Totichy 



1. Introduction 



Abbreviation*: niPEG, mcthoxy polyethylene glycol* MPS. 
mononuclear phagocyte system: SU sterically stflbilited (Stealth ) lipo- 
somes; mPEG-DSPE, methoxy polyethylene glycol) distearoylphos- 
phaudylethanelamine: PDP-PEG-DSPE, pyridyldithlopropionoylomino 
polyethylene glycol) distearoylphosphatidylethanolamirw; SIL. fitericaliy 
stabilized immunoUposonies: DSPE, diBteoroylphOfiphaiidylethauol amine; 
SPDP, //.j\iccinimidyU3-<2-pyridyldiihjo)pniprionaw: DSC, disuccin- 
imidylcurbonaic; SC sucemimidylcarbonate: Boc, fOTbinyloxycarbonyl: 
TLC. thin-layer chromatography; TEA. triethylamine: PDP, pyridyidimio- 
proprionate; HSPC hydn>genatc4 isoy phiwphetidylchoJinc: SMPS, succi- 
nlmioyl-4^ ^malcimidophcnyl)butyfate; MPB-PE. matcirtidophenylbu- 
tyniicphoitphatidylethanolamiiie; ? H-CHE. [-'Hlcholcsteryl hexadecyl 
ether: ,W J-TI. ['"fltyraminylinulin; Ab. polyclonal antibody; mAb. mon- 
oclonal antibody; Hcpe*. /^-(2-hydr«xyi^yl)pipcrarinc^'-<2-cLhanc^ 
sulfonic acid); Me*. 2-( AZ-iryorphalino^UiancSUlfOniC acid: CHOL. 
cholesterol: DTT. dilhiothreiiol: DXR. doxorubicin: MTT, 3-<4,5-diflKih. 
ylthia?ol-2-yl)-2,5-diphcnyllcirazolium bromide; KLN 205, murine squa- 
mous lung carcinoma; Caov-3. human ovarian adenocarcinoma: MCT-15. 
human colon atenocarcinoma; mAb 174H.64, antibody recognizing KLN 
205: mAb B43.I3, antibody recognising Caov-3: mAb Ml70. antibody 
recognizing HCT-15. 
' rnrrespondinfi auihor. Fax: + 1 (403) 4924325. 

0005-27 36/95/109.50 O 1995 Elsevier Science B.V, All rights reserved 
SSOl 0005-2736(95)00085-2 
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synthesized tor this purpose. Incorporation of PDP-PEG- 
in formation of reactive thiol groups at the periphery of the 
place under mild conditions even when the content of the 



Site-specific delivery of drugs to diseased cells can lead 
ignificant reductions in drug toxicity, and increased 
therapeutic effects. Therapeutic applications of liposomal 
delivery systems have been extensively explored in 
years [1-5], and several methods have been devel- 
for attachment of antibodies (At>) at the liposome 
surfdee [6-9] in attempts to target the liposomes in vivo to 
specific sites of drug actions. Attachment of Ab at the 
of classical formulations of liposomes results in 
rapid removal from circulation by the cells of the 
mononuclear phagocyte system (MPS. also termed 
reticuloendothelial system) [KUl], New formulations of 
ally stabilized liposomes ($L) have been developed 
which have extended blood circulation times as a 
result of reduced rates and extents of uptake by MPS cells 
[12- 15]. SL contain, as the key component, methoxy 
poly(ethylene glycol) distearoylphosphatidylethanolamine 
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(mPEODSPE) (4-8 mol% of the total lipid). This results 
in coverage of the lipid vesicle surfaces with grafted 
amphipathic polymer chains. It is believed chat the high 
mobility of the mPEG chains, associated with their confor- 
mational flexibility, and also their water-binding ability, 
contribute to the steric stabilization which is responsible 
for their prolonged survival times in circulation { 16,17]. 

We were interested in developing methods for attach- 
ment of Ab to the surface of SL which would meet a 
number of important criteria for 'ideal tmmunoliposomes'. 
These include: simplicity and ease of preparation, mainte- 
nance of prolonged circulation half-lives, retention of tar- 
get recognition for the Ab, high coupling efficiency of the 
Ab to the liposomes, the ability to achieve high Ab 
densities at the liposome surface, the ability to achieve 
efficient drug remote loading, appropriate drug release 
characteristics, and compatibility with use in humans. 

Attachment of Ab at the surface of SL> in the phospho- 
lipid headgroup region, can result in some decrease in 
coupling efficiency and some loss of Ab recognition, 
particularly in the presence of high molecular weights of 
mPEG which can stericaJly hinder access of the Ab to the 
liposome surface during coupling procedures and/or ac- 
cess of the Ab binding region to its epitope after its 
attachment to the liposomes [8,18,19]- Because some of the 
antibody coupling methods in the literature fell consider- 
ably short of the ideal, when applied to SL, we have 
developed a new coupling method, s pecifically for use, 

with SL. Wh ich fornix S ^fflP"np|jpftQnfflp<; (SIL) by COya^ 

lently cou pling antibod y to rhft l ip oKprvs* v m a thiftfrthe r 

hftnH%y rhft PE G terminus (H e. l)...nftpctta(> J.P_ifa^ ( 
ph ospholipid headgroup re£ion on the liposome surface. 
"This i new method comes close" to meeting the criteria 
outlined above for ideal S1L. Attachment of proteins to the 
distal end of PEG terminus using a PEG-COOH consiruci 
has recently been described by two different groups, with 
retention of long-circulating half-lives and target binding 
[20,21]. 



2. Materials and methods 

2,/. Materials 

Distearoylphosphatidylethanolamine (DSPE) was pur- 
chased from Sygena, Cambridge, MA, disuccinimidylcar- 
bonate (DSC) from Fluka (Ronkonkoma. NY), and iV- 
succinimidyl-3-(2-pyridyldithio)proprionaie (SPDP) from 
Bioaffinity Systems (Rosco, IL). Heierobirunctional a- 
arnino^hydroxy-PEG was prepared by partial conversion 
of hydroxy end groups of PEG-2000 (Fluka) into primary 
amines [22], followed by ion-exchange purification accord- 
ing to Furukawa [23). Amino-PEG-DSPE was prepared as 
described elsewhere [24]. 

Hydrogenated soy phosphatidylcholine (HSPC) and 
methoxy (polyethylene glycol) (2000) distearoylphos- 



PDP-PE0-LlP080Me 
KS-P£G*LIPOSOME 



Fig, I. Schemnitc diagram ot ihc coupling of a matei mite-activated 
aniibWy (MPB-Ab) with ucrically stabilized liposomes containing POP- 
PEC- DSPE. 



cal 



2,2 




idylethanolamine (mPEG-DSPE) were obtained from 
Liposome Technology (Menlo Park, CA). mPEG-DSPE 
was described in [14]. Cholesterol (CHOL) and 
pyritlyldnhtoproprionate dioleoylPE (PDP-DOPE) were 
hased from Avanti Polar Lipids (Birmingham. AL), 
,5.Dimethylthiazol-2-yl)-2,5-diphenyitetrazolium bro- 
2 (MTT): /v-succinimidyl-4-( p-moleimidophenyl)- 
rate (SMPB) and sheep lgG. used as a source of 
xidy (Ab) were purchased from Sigma (St. Louis. 
). Doxorubicin was obtained from Adria Laboratories 
ssissauga, Ontario). Na ll5 I and cholestcryl [L2(n)- 
Hlteaadecyl ether, 1.48-2.22 TBq/mmol ( 3 H-CHE) was 
purchased from New England Nuclear (Mississauga, On- 
io). Tyraminylinulin was synthesized and [ l35 l]tyra- 
inylinulin ( I25 I-T1) was prepared as previously described 
lodobeads were purchased from Pierce (Rockford. 
Monoclonal antibodies (mAb) 174H.64. B43.13 and 
and the cell lines KLN 205 and C«ov-3 were 
gifts of Biomira, Edmonton. AB, The cell line 
15 wns purchased from American Type Culture Col- 
lection (Rockyille. MD). All other chemicals were analyti- 
grade. 
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General methods 

TLC on silica gel G were visualized with iodine vapour, 
ninhydrin and Dragendorff [26] spray reagents, when ap- 
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propriate. NMR spectra was recorded on a 360 MHz 
Nicolet instrument. When it was important to detect the 
terminal OH group of PEG, DMS(W 6 was used as a 
solvent [27), otherwise CDC\ y was used. 

Preparation ofPDP-PEG-OH 

SPDP (100 mg, 0.32 mmol) and a-amino-w-hydroxy- 
PEG (0.55 g, 0.275 mmol) dissolved in acetonitrile (2 ml) 
reacted at 25° C for 4 h. TLC of the reaction mixture 
(CHG 3 /CHjOH. 8:2) showed disappearance of H 2 N- 
PEG-OH with appearance of a less polar, UV-absorbing 
new material (tf r = 0.80). Uie solvent was rotary evapo- 
rated and ethyl ether (50 ml) added. After overnight stor- 
age at 4°C white solid was collected and dried in vacuo 
over P 7 0 5 . Yield: 0.5 g (90%), 

H-NMR (DMSO-rf 6 ): **2-5 (CH 2 S. overlap w/ 
DMSO), 3.01 (i, /-7 Hz, CH 2 C = 0, 2H), 3.20 (m. 
CH^NR 2H). 3.51 (s, PEG, = 180H), 4.52 (t, HO-PEG, 
IH)" 7-24 (m f pyr, IH). 7-76 (m, pyr, IH), 7.82 (m, pyr, 
IH). 7.99 (br m, NH, IH). B.45 (m, pyr. 1H) ppm. H-NMR 
(CDCU): S 2.62 (u J - 7 Hz, CH 2 SS. 2H). 3.08 (t, J - 7 
Hz, CH 2 C = O, 2HX 3.47 (m. CH 2 N. 2H) ( 3.64 (s, PEG, 
» 180HX 6.78 (br s, NH* 1H), 7.10, (m, pyr, IH), 7.66 
(m, pyr, 2H), 8.49 (m, pyr, IH) ppm. 

Preparation of PDP-PEGSC 

Meticulously dried PDP-PEG-OH (0.4 g, 0.18 mrool) 
was dissolved in acetonitrile (0.5 ml) and treated with DSC 
(81 mg, 0.3 J mmol) and pyridine (62 ml, 0.79 mmol) 
overnight at 25° C. The product was precipitated with ethyl 
ether (40 ml) at 4° C. redissolved in ethyl acetate (4 ml) 
and precipitated with equal volume of ethyl ether at 4°C. 
The product was collected by filtration and dried in vacuo 
over P,0,. Yield: 330 mg, (85%). 

• H-NMR (DMSO</ 6 ): 3*2.5 (CH ? SS. Overlap w/ 
DMSO). 2.81 (s, SC. 4H), 3.01 (t, J = 7 Hz, CH : C = O, 

. 2H), 3.20 On. CH-.NH, 2HX 3.51 (s, PEG, m I80H), 4.45 
(t CH.-SC. 2H), 7.24 (m % pyr, IH), 7.8 (m, pyr, 2H), 6.0 
(br m. NH, IH). 8.45 (m, pyr, IH) ppm. H-NMR (CDCl a ): 
8 2 62 (t. / -7 Hz, CH,$S, 2H), 183 (s, SC. 4H), 3.09 
(t ; = 7 Hz% CH,C-0,2H).3.44(m f CM 2 N V 2H). 3.64 
{s PEG. * 180H). 4.46 (m, CH r SC, 2H), 6.73 (br s, 
NH. IHX 7.10, (m, pyr. iHX 7.66 (m, pyr, 2H), 8.48 (m t 
pyr, IH) ppm. 

Preparation of PDP-PEG-DSPE 

Method A. DSPE (36 mg, 0.043 mmol) was added to a 
solution of PDP-PEG-SC (100 mg, 0.042 mmol) in chloro- 
form (1 ml), followed by TEA (33 pi. 0-237 mmol). The 
reaction mixture become clear during incubation at 40 C 
for 10 min. The solvent was evaporated and replaced with 
acetonitrile (5 ml). The cloudy solution was kept at 4° C 
overnight. To remove traces of insoluble DSPE the solu- 
tion was centrifuged and the clear solution separated. U 
was then rotary evaporated under reduced pressure, and the 



lOt 



residui was dried in vacuo over P ? O v Yield; 130 mg 
(quantitative). 

Method B. To a solution of amino-PEG-DSPE hydrochlo- 
ride [214] (19$ mg, 0.07 mmol) in acetonitrile (2 ml), SPDP 
(26 mf , 0.085 mmol) was added followed by TEA (30 ml, 
0.42 njmol). The! solution was stirred overnight. The prod- 
i mg) in chloroform was loaded onto ii silica (1 1 g) 
It was ejuted with a Mep gradient of CH ^OH in 
(form (5> 10. 15, and 20%. 100 ml each step). Yield: 
^ of pure product and 77 mg of a product contami- 
vith a more polar material (tf r = 0.125). 
purified products obtained by both methods were 
identical. 

TLC (CHCl>/CH,OH/H,0 90:18:2) K f = 0.52. H- 
NMR (CDClj): 6 0.89 (u J - 6.8 Hz, CH,. 6H), 1.26 (s. 
CH„ 56HX 1.58 (br rru CH,CH,C-0. 4H) T 2.28 (2 
overlapping u CH«C*=OX 2.62 (t, J = l Hz, CH 2 SS. 
2H) f p.09 (i, J~l Hz, CH,C = 0. 2HX 3.36 Cbf m. 
OChJcH.N, 2HX 3.44 (m. CH.N. 2H), 3.64 (s. PEG, 
* 18^)^3.94 (br m. CH ,CH,OP. 2H), 4. 17 (eld, J =* 7.0. 
12 Hi. glycerol CH,OP, 2H), 4.21 (m, CH r O,CN, 2H), 
4.39 (dd, J = 3.2, 12" Hz, glycerol CH 2 OC O, 2H), 5,20 
(m. CH, IH). 6.73 (br, NH, IH), 7.10, (m. pyr. IHV7.66 
(m. pyr, 2H), 8.48 (m, pyr, IH) ppm. 13 C^NMR (CDG,): 
8 1410 (CH 3 ), 22.7 (CH 2 CH,X 24.9 (CH.CHX-O). 
29.7 (CH.CH,CH 2 ). 31.9 (Ch\CH,CH 3 ). 34,1 and 34.3 



t = OX 34.7 (SCH.CH ? C = O), 35.6 (SCH S CH,C 
39.4 (CH,NHC^O).~42.4 (CH 2 NHCOJ. 62,8 
OC=-0), 63.4 (CH,OP0 3 ). 64.2 (CH 2 OC = ONX 
CHOC^ O), 70.6 (PEG). 120.0 (C2 pyr). 137.0 (C3 
120.8 (C4 pyr), 149-7 (C5 pyr). 156.6 (C - O of 
urethkne), 159.8 (CI pyr). 170.7 CC = O of amide). 173.0 
and (73.3 (C ^ O of esters) ppm. 



(CH, 
= 0) 
(CH 2 
69.9 
pyr). 
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2. 3- j 7 reparation of immunottpowmes 

Liposome preparation 

Liposomes were prepared by hydracing dry lipid films 
in an appropriate buffer, at u lipid concentration of 10 mM. 
The resulting multivesicular preparations were then passed 
throigh 0.08-0.1 polycarbonate membranes (Nucle- 
pore Pleasanton. CA or Poretics, Livermore, CA) using a 
Lipelc extruder (Lipe^ Biomembrancs, Vancouver, BC). to 
give primarily unilamellar vesicles of apprux. 100 nm in 
dianeter [28,29]- The resulting liposomes were sized by 
dy ramie light scattering using a Brookhaven B190 particle 
sizeiT (Brookhaven Instruments, Hollsville. NY). 



lodhatian of antibody 

4b (2 mg) was dissolved in 200 i*\ of 25 mM Hepes. 
mM NaCI, pH 7.4 buffer. The Ab solution was mixed 
185 MBq of Na l2S I in a 2 ml reaction vial with 5 
lodckbeads for 1 h at room temperature (22° C). '"*1-Ab 
was purified by passage over a Sephadex G25 gel filtration 
coljmn, elutin'g with the above buffer. 
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Preparation of maleimidophenylbutyrate-Ab (MPB-AB) 

Ab was dissolved in 25 mM Hepes, 140 mM NaCI, pH 
7.4 Qt concentration of 10 mg/ml and trace amounts of 
,2S )-Ab were added. SMPB (25 mM in dimethylforn> 
urnide) was slowly added to the Ab solution at a molar 
ratio of 20; 1 (SMPB /Ab) for 30 min at room temperature. 
Unbound SMPB was removed and the pH lowered by 
passing the solution over a Sephadex G50 column in 25 
mM Hopes, 25 mM Mes, 140 mM NaCI, pH 6.7 buffer. 

Antibody conjugation 

. Liposomes were composed of HSPC/CHOL/PDP- 
PEG-DSPE at a molar ratio of 2:1:0.02 with or without 4 
mol% mPEG-DSPE (totul PEG lipid. 5 mol% of PL) or of 
HSPC/CHOL/PDP-DOPE, at a molar ratio of 2:1:0.02 
with or without 5 mol% mPEG-DSPE. In experiments to 
•determine the coupling efficiency of the PDP-PEG-PE 
method, the ratio of PDP-PEG-DSPE and mPEG-DSPE 
were varied, keeping the total amount of PEG-lipids in the 
liposomes constant at 5 mole% of phospholipids (PL). 
Trace amounts or 3 H-CHE was added to each liposome 
preparation and the PL concentration was calculated from 
the specific activity using a Beckrnan LS6800 Scintillation 
counter. 

Liposomes were hydrated with 100 mM sodium acetate, 
'70 mM NaCI, pH 5.5 buffer. The pyridyldithio groups 
were reduced by the addition of dithiothreitol (DTT) to a 
final concentration of 20 mM for 30 min at room tempera- 
ture. DTT was separated and the pH raised by passing the 
liposomes over a Sephadex G50 column eluled with 25 
mM Hepes, 25 mM Mes, 140 mM NaC), pH 6.7 buffer. 

Thiolated liposomes (2 M mo1 ?0 were incubated 
overnight at room temperature with MPB-Ab (0.25-8 
nmol) at Ab/PL molar ratios ranging from 1:250 to 
1:8000, at a final PL concentration of 2-4 mM. Unbound 
Ab was removed by passing the liposomes over a Sepharose 
CL-4B column with pH 7.4 buffer (25 mM Hepes, 140 
mM NaCI). The Ab to PL ratio was determined by count- 
* ing for 125 MgG and 3 H-CHE. The amount of '" 5 I in the H 
channel was subtracted from the total y H counted and this 
overlap was kept below \0% of * H. 

2.4. Properties of immunoliposomes 

Liposomes were composed of HSPC/CHOL/mPEG- 
DSPE/PDP-FEG-DSPE (2:1:0.08:0.02 molar ratio) or 
HSPC/CHOL/PDP-DOPE (2:1:0.02 molar ratioX Lipo- 
somes were hydrated with the aqueous space label - I-TI 
[30] and prepared as above, with diameters of 98-130 nm. 
p fee ,25 i-Tl was separated from the liposomes by chro- 
matography over o Ultragel AcA 34 column (1BF Biotech- 
nics, France) with 25 mM Hepes. 140 mM NaCI. pH 7.4 
buffer. MPB-Ab was then conjugated to PDP-containing 
liposomes at various ratios to give Ab surface densities of 
0-140 Ab/Mfnol PL. 

in these experiments. Ihe amount of Ab bound to the 
liposomes was determined by an adaptation of a fluo- 



rescamine assay i where an increase in fluorescence is 
obscned when fluorescamine binds to a free amino group 
on a protein (31,32] Briefly. 10 mg fluorescamine was 
dissol /ed in 50 ml of dry acetonitrilc. One ml samples of 
SIL (p.2-l mM PL) were mixed with 1 nil of fresh 
fluorescamine reagent for 15 min at room temp then I ml 
of ethanol was added- The relative fluorescence was deter* 
mined; on a Perkin-Elmer MPF-4 spectrofluorimeter (EM 
475 nm, EX 395 nm). Protein concentrations were deter- 
mined from a standard curve using known concentrations 
of MFfB-Ab (5-160 MS/ml). 

Ouibred female CD^ICWBR mice were putchased from 
Charles River Canada (St. Constant,. Quebec) and main- 
in standard housing. Mice (three per group) were 
i a single bolus Lv. injection via the tail vein of 0.2 ml 



tained 
given 



of SIL (0.5 f±mo\ PL/ mouse) containing (1-3) ■ I0 5 cpm 



of 



125 



[-T1. At different times post-injection, animals were 
anaesthetized with haloihane and sacrificed by cervical 
dislocation. Major organs (liver, spleen, lung, heart and 
kidney), blood (100 ju.1), thyroid and carcass (remainder of 
the animal) were collected and counted for l35 l label in a 
Beckman 8000 gamma counter. Blood correction factors 
[33]. vere applied to all samples. The data is expressed as 
the percentage of counts in each organ relative to the total 
count i remaining in vivo at each time point [30]. 

The blood elimination half life of SIL was calculated 
using the polyc»ponential curve stripping and least squares 
parameter estimation program RSTRTP (Miuromath, Salt 
Lake CUy. USA). 



Doxorubicin hading und leakuge studies 

DXR loading experiments, liposomes were hy- 
in 155 mM ammonium sulfate at pH 5.5 [34]. The 
were then passed over a Sephadex G50 column 
in 123 mM sodium citrate, pH 5.5. DXR (0.2 
PL) was then added to the liposomes and the 
was incubated at 65° C for I h. DXR*containing 
were separated from any remaining free DXR 
over u Sephadex G50 column and eluted with 
ifiM sodium citrate pH 5.5 buffer. 

leakage experiments. DXR-loaded liposomes, com- 
of HSPC/CHOL/mPEG*DSPE/PDP-PEG-DSPE 
,08:0.02 molar ratio), were labelled with trace 
of J H-CHE. Liposomes were coupled with " l- 
IgG (SILlsheep IgGl) to give 88 Ah/M'™! PL. 
mixed with 25% human plasma in 25 mM Hepes, 140 
NaCI, pH 7.4 at 0.6-1 .2 mM PL and dialysed (Spec- 
or 2. 12000-14000 M T cut-off: Spectrum. lx»s An- 
. Ca) against 50 volumes of 25% human plasma. At 
times, samples were removed and the external 
volume exchanged. The amount of DXR remaining 
liposomes was determined by extracting ihe DXR in 
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methanol and determining the absorbance al nm. 

Uptc ke and cytotoxicity studies 

Murine squamous lung carcinoma (KLN 205). human 
ovar an adenocarcinoma (Caov-3). and human colon 
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adenocarcinoma (HCT-15) cell lines were grown as mono- 
layers in RPMI 1640 supplemented with 10% fetal bovine 
scrum (Cibco BRL, Burlington, Ontario, Canada) at 37° C 
in a humidified atmosphere of 5% C0 2 in air. Cells were 
plated in triplicate onto 6-well plates (Falcon, Becion 
Dickinson, Lincoln Park. NJ) at (0.15-1)- 10 6 cells/well 
on day I - SIL were prepared by conjugating (see above), 
to the surface of SL (HSPC/CHOL/mPEG-DSPE/PDP- 
PEC-DSPE. 2:1:0.08:0.02 molar ratio), mAb specific to 
each ceil line, i.e., mAb I74H.64. B43.I3 or MI 70 for 
experiments involving KLN 205. Caov-3 or HCT-15. re- 
spectively. On the fourth day (or at the point where the 
ceils just reach confluence). SILI174H.64], SIL{B43.I3] or 
SJL[M170], labelled with 3 H-CHE (0-1-0.4 ^mol/ml). in 
PBS were added lo each well of their targeted cell lines, 
respectively. In some instances, binding of SIL to cells 
was also measured in the presence of 10% FBS. After 1 h 
incubation at 37° C> cells were washed three times with 
phosphate-buffered saline, pH 7.4, trypsinized with 0.5 ml 
of 0.059r trypsin, placed in ACS scintillation fluid 
(Amersham, Oakville, Ontario), and counted in a Beckman 
LS-6800 counter. 

A colorimetric assay using a letrazolium salt was used 
for the measurement of surviving and/or proliferating 
cells according to Mosmann [35]. Cells (KLN 205) were 
plated in 96-weJJ plates (Coming. Coming* NY) on day I . 
On the third day, eeJls were incubated with either free 
' DXR. DXR entrapped in non-targeted liposomes (DXR-SL) 



KM 



or DXR entrapped in S1L[I74H.64} (DXR-SHj 1 74N.A4]) 
and Che cells were incubated for I h or 24 h m 37" C in a 
humid fied 5% Cp : atmosphere. At the end of the incuba- 
tion, free or liposomal DXR was removed by gentle wash- 
ing with phosphate-buffered .saline. pH 7.4, and the cells 
were further incujbated for 47 h or 24 h respectively, for a 
total cjf 43 h. At; the end of the incubation, a solution of 
MTT (0,5 mg MTT/ml media) was added to each well, 
and the mixture was incubated at 37° C for 4 h. Acid-i.so- 
propar ol (100 /xl of 0.04 M HC1 in isopropanol) was 
added to each well and mixed thoroughly until all crystals 
were dissolved. The plates were read immediately on a 
Titenek Multiskan PLUS MK II plate reader (Row labo- 
ratories, Mississauga, Ontario. Canadu). u^ing a test wave* 
length of 570 nm. and a reference wavelength of 650 mn. 



3. Results and discussion 

S.I. Smihcsis of PDP-PEG-DSPE 



preparation of SlLs we chose the conjugation slrci- 
shown in Fig. I for the following reason's. Reaction 
bctwepn thiol and maleimide groups is one of the most 
and efficient reactions in bioconjugatc chemistry 
It takes place at close to neutral pH. at ambient 
within short periods of lime, and often results 
tjsfaclory yields uf conjugate*, even when relatively 
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low concentrations of the re octants are present. Thus it 
seems to be particularly suitable for interlinking of two 
macromolecular entities. 

Previous experience with maleimide-PE incorporated 
into liposomes showed that it interfered with the drug 
loading procedures [8]. Maleimide is also known to un- 
dergo gradual degradation under conditions used during 
liposome preparation, sizing, and drug loading steps [6,37]. 
On the other hand, ft maleimide group can be introduced 
onio IgG just prior to the actual conjugation step giving it 
no opportunity to undergo any side reactions. 

Thiol groups, while very reactive towards various elcc- 
trophiles, can be preserved under non-oxidifcing conditions. 
To absolutely assure the integrity of the thiol groups, we 
decided to prepare a protected form of thiol group (PDP) 
positioned at the terminus of PEG-DSPE. Thus, our strat- 
egy involved preparation of liposomes containing the new 
conjugate. PDP-PEG-DSPE, first. They were conveniently 
formulated and drug-loaded, and after reductive deprotec- 
tion of the reactive thiol groups with DTT. conjugated with 
maleimide-contairung IgG (see Fig. 1). 

The two synthetic pathways leading to PDP-PEG-DSPE 
are schematically depicted in Fig. 2. The synthesis started 
with beterobifunctional polymer, a-amino-w-hydroxy 
polyCethylene glycol), which was prepared by partial con- 
version of the hydroxyl end groups into primary amines 
(22] followed by ion-exchange purification of H 2 N-PEG- 
OH [23]. The amino group was selectively acylated with 
di-rerz-butyldicarbonate resulting in the introduction of 
Boc protecting group. Proton-NMR obtained in DMSO-^ 
confirmed the presence of the protecting group as well as 
the unaltered hydroxyl. The remaining three steps of the 
synthesis were performed similarly to the previously pub- 
lished method for preparation of hydrazido-PEG-DSPE 
[39], Briefly, a succinimidylcarbonaie (SC) group, intro- 
duced at the hydroxy-end of the polymer, was used to form 
urethane attachment of the polymer to the amino group of 
DSPE yielding Boc-protectad amino-PEG-DSPE (1) at the 
end of the PEG chain. The primary amine functionality 
was regenerated by acidolytic removal of the Boc-grovp 
forming 2. Finally, PDP-PEG-DSPE (3) 'was obtained by 
acylation of the terminal amino group with SPDP, 

Alternatively a-amino-<^hydroxy-PEG could be di- 
rectly reacted with SPDP substituting only the amino 
group. Then the remaining hydroxy end group was cleanly 
convened into succinimidyl carbonate and the resulting 
macromoleculer analog of SPDP (PDP-PEG-SC) was cou- 
pled to DSPE. It oppears thai the second approach is 
preferable for a direct preparation of PDP-PEG-DSPE (3). 
It is two steps shorter and it resulted in higher yields of the 
product. The first approach is more general pnd allows 
conversion of amino-PEG-DSPE [24] into various func- 
tionalizcd PEG-DSPE-derivatized conjugates via use of 
different beterobifunctional reagents [381. 

U is important to note that the utility of the new 
macromolecular crosslinker, PDP-PEG-SC clearly extends 
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% were composed of HSPC/CHOL. 2:1 molar ratio und con- 
> mol% loial PEG. consisting of a combination of n\PEO-DSPE 
'-PEG-DSPE as indicated. Liposomes averaged 100 nrfl in diamc- 
soufce of Ab *heep IgG Ab/PL molar ratio in in* 

D miMiire (2 mM PL) wDa varied from I:i50 to 1:2000. The 
g procedure, schematically shown in Fig. I. U described in detail 
and methods. The coupling efficiency is expressed as the c * 
Ab attached to the liposomes. 
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beyot d the current application. It is in a sense a PEG 
analog of SPDP and as such offers several advantages. 
Unlifck SPDP, PDP-PEG-SC is water soluble. Since, PEG 
is a Material of choice for rendering surfaces biocompati- 
ble, F DP-PEG-SC is perfectly suitable for linking tigands 
to biomaterials intended for blood plasma contact. U is 
ideally suited for preparation of two or more component 
macromolecular conjugates, e.g., protein-protein cross- 
links g. In this case, the PEG spacer, being very flexible 
and well solvoied in water, would allow maximum free- 
dom of mobility for each of the conjugated components. 

32. Coupling $ antibodies to liposomes containing PDP- 
P£C\dSPE 



PDP-PEG-DSPE could be incorporated easily into 
_.»es during their formation and Ab could be effi- 
y coupled to the surface of liposomes containing 
PEG-DSPE following the reduction of the PDP group 
DTT. A comparison of the effect of the PDP-PEG- 
2 content in the liposomes, and the effect of Ab/PL 
on coupling efficiency and the Ab density conjugated 
liposome surface is given in Table 1. Higher mol% 
. -PEG-DSPE incorporated into the liposomes re- 
_ in higher Ab densities at the liposome surface, with 
highest densities being over 300 /ig Ab/>moI PL 
le 1) corresponding to approx. 150 Ab/100 nm dianv 
liposome, which is almost complete coverage of the 
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surface of the liposome. One can estimate that, at complete 
coverage* 200 Ab can be bound to a liposome 100 nm in 
diameter. These calculations were based on the following 
assumptions: the effective diameter of a IgG] molecule is 
142 A [40] (150000 Da), the area per polar head for HSPC 
is 72 A 2 and for CHOL is I9 t A 2 [41] with an combined 
area per phospholipid of 81.5 A? for a HSPC/CHOL (2:1 
moi/moO liposome. 

As the amount of PDP-PEG-DSPE in the liposomes 
was decreased, the Ab density at the liposome surface also 
decreased* but even at the lowest concentration of PDP- 
PEG-DSPE (0.25 mo\%\ substantial amounts of Ab still 
could be conjugated to the liposome surface (35-41 ^.g 
Ab/Vmol PL) (Table 1). in the absence of PDP-PEG- 
DSPE. very low amounts of Ab were associated with the 
liposomes (appro*. 10 txg Ab/Mmol PL), possibly through 
passive absorption (Table l). 

When the initial Ab/PL molar ratios were kept constant 
(e.g., 1:1000), the coupling efficiency decreased as the 
concentration of PDP-PEG-DSPE in the liposomes de- 
creased, from a high of 87% of the Ab attached to 
liposomes in the presence of 2 mol% PDP-PEG-DSPE to a 
low of 23% in the presence of 0.25 mol% PDP-PEG-DSPE 
(Table I). Although Ab density decreased as the initial 
Ab/PL molar ratio decreased, the coupling efficiency- 
increased as this ratio decreased. A plot of coupling effi- 
ciency versus PDP-PEG-DSPE/ Ab ratio demonstrates that 
the % of initial Ab bound to the liposomes reaches a 
maximum of greater than 80% above PDP-PEG-DSPE/ A b 
ratios of 10:1 (Fig. 3). In other words, for maximum 
coupling efficiency to occur, the PDP-PEG-DSPE must be 
present in approximately a J0-Fold excess. 

In the absence of mPEG-DSPE in the liposomes, equiv- 
alent amounts of Ab became associated with the liposomes 
.as in the presence of mPEG-DSPE, with similar coupling 
efficiencies (Table 1). This demonstrates that the Ab can 
gain easy access to its coupling site at the PEG terminus. 



100-1 




T 

0 6 10 16 

PDP-PEG-DSPE: Ab molar ratio 
Wifi. 3. Coupling efficiencies as a function of PDP-PEG-DSPE/ Ab molar 
raiio. Liposomes (100 nm in diameter), composed of 
HSPC/CHOL/mPEG-DSPE/PDP.PEO-DSPE (2:1:0.08:0,02 molar (* 
tio), were coupled K> Ab Ishccp IgG) at various motor ratios of PDP* 
PfcC-DSPE/Ab (2 mM phospholipid). The coupling efficiency is ex. 
prcs*ed as (he % of initial Ab bound to lha liposomes. 



Tabic 2 

Coupling efficiency and Ab densities for liposomes cunlaipiAg P13P-DOPE 



Initial Ab/PL 
molar r 



I; 500 
1:1000 
1:2000 



1»5 



' Ab density 
(/i£t Ab/^mol PL) 



Coupling 
efficiency (%) 



2S 
15 
7.4 



9 
10 
9 



Liposomes were composed of HSPC/CHOL. 2:1 irio|*r ratio and con- 
tained 3 mol* mPEG-DSPE itnd I moltf PDP-DOPE. Liposome over- 
aged 100 nm in diameter. The source of Ab was sheep tgG and tlte 
Ab/PL molar ratio ip the coupling mixture (2 mM PL) was varied from 
):SO0 to 1:2000. The' coupling procedure was aa outlined in Materials and 
method:- TV coupling efficiency is expressed ux the # of initial Ab 
attached to the liposome*. 
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s in contrast to methods where Ab is coupled at the 
surface when mPEG can sterically inicrfcre with 
of Ab to its coupling site [8]. Further data in support 
> conclusion is presented in Table 2. For liposomes 
ning PDF-DOPE and mPEG-DSPE (i.e., the PDF 
is at the liposome surface), the coupling efficiency 
densities are significantly lower than for liposomes 
ning PDP-PEG-DSPE. We suggest that this is due 10 
hinderance by mPEG-DSPE to access of maieimidc- 
the reduced PDP groups (thioNPE) at the liposome 



J.J. demote loading of doxorubicin arid drug leakage tares 



the PDP-PEG-PE coupling method, the MPB group 
attached to the Ab rather than to the liposome surface, as 
jpling methods using MPB-PE {6,7), Hence the MPB 
is present in much lower concentrations, and is 
locatAd much further from the immunoliposome surface 
jconjugation, than in the MPB-PE method. DXR could 
jemote loaded into SL (HSPC/CHOL/ mPEG- 
PEG-DSPE, 2:1:0.08:0.02) prior to Ab conju- 
with greater than 959b efficiency after 1 h at 65° C. 
half-life for release of doxorubicin from these Hpo- 
t following conjugation of Ab was in excess of 150 
is is in contrast to the difficulties wiLh the remote 
of doxorubicin into liposomes containing the MPB 
at the liposome surface (MPB-PE method), where 
presence of ihe hydrophobic MPB group at the lipo- 
surfaee appears to significantly decrease the rale of 
of doxorubicin and increase the rale of drug 
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leakage [8]. 

3A. Pharmacokinetics of S-immttnoliposomes formed by 
the PDP-PEG-DSPE method 

Immunoliposome clearance was determined with lipo- 
somes containing the aoueous space label, " I-tyrominyl- 
inulin ( l - 5 UTl). Free ,2i l-Tl was removed from the body 
with a /, of a few minutes, while the I i posome-e n trapped 
label had a long latency lime in the body with a t 1/2 of 78 
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h. indicating that the label had a very slow leakage rate 
from the liposomes in vivo. Leakage of the label was 
totally independent of the presence of Ab on the lipo- 
somes. The blood levels, as a function of time, for S1L 
containing increasing Ab densities (sheep IgGX formed by 
the PDP-PEG-PE method, are shown in* Fig. 4A and B. 
Polyclonal sheep IgG was used foe these experiments in 
order to not id deplete our limited supplies of monoclonal 
antibodies, however in our experience, there is no differ- 
ence in the pharmacokinetics between polyclonal and mon- 
oclonal antibodies. 

The addition of PDP-PEG-DSPE into S-liposomes (no 
Ab) did not significantly alter their circulation times (r I/3 
of 16 h. with greater than 80% of the label remaining 
liposome entrapped and therefore remaining in vivo). The 
S1L were removed from circulation in a log-linear manner 
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Ab density, Mfl Ab/iimol PL 

Tig. X Blood elenrance kinetic* of S-imtflunolipo somes in mice. Ami- 
body Uhe*p IfiO) wa> coupled »l variou* densities to liposomes 
(HSPC/CHOL/PDP-PEG-DSPE. 2i 1^.02 molar ratio ±4 mol* 
mPEO-DSPli. 100 nrr» <Jiartl«er) containing the aqueou* space label 
,2, I-TI. The reciting S-lmmUnoliposomes were iryecccd i.v.. via the tail 
vein into CD, (ICR) mic*. kc$o\\% are exposed aA label remaining in 
blood »k u pcrcenWfie of the label rtmainin £ 111 ihe body at various limes 
po, ( injection (means ±S.D.. rt-H (Al Blood clearance of 5-immono- 
lim*omes !»s a lunciian or time and Ab (knsiiy. Liposomes contained 
varioun Ab dcn»iii« in the prince of mPFXi-DSI'F" (•) «0 Ah: ( t ) 20 
MB Ah/ /xinol PL: ( a ) 40 Ab/ ixmo\ PL: (■) 74 MJJ AO/ j*mol PL: 
(♦) I AO /ig Ab/jimol PL. Control lipawmes (♦> contained no mPEG- 
DSPE. and had un antibody density of ?3 fig Ab/^mol PL. (B) Blood 
clearance of SIL m 24 h p*»t-injcction us a function of Ab density 
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densities of 74 ^//imol PL and lower (Fig, 4A) 
c level of. SIL in blood al 24 h decreased with un 
in the Kb density (Fig. 4B). High Ab densities 
u,g//xrnol PL) resulted in rapid removal of the SIL 
oircultttion j(Fig. 4A and B). but no change in the rale 
leakage' fro in the liposomes. Ab den. si Lies in l he 
of approx.j 20-80 /iAb/jiimol PL resulted in r l/: in 
cikulaiion of from 7 to 9 h compared to 16 h in the 
absence of Ab (with greater than 90% of the entrapped 
liposome label remaining in vivo), which is likely to be 
sufficiently long to allow in vivo targeting. By contrast. 
mcs lacking mPEG (73 Mg Ab//imol PL) were 
removed' from circulation (Fife. 4 A) even at low Ab 
densiiies, with half-lives of less ihan 0-5 h- 



3.5. Vindins to, and cytotoxicity to, cancer cells in culture 
by S-immunolipQSOtnej: 
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The binding by three different cancer cell lines, or' SIL 
njugaied by the PDP-PEG-PE method to three different 
specific for each cell line, is shown in Fig. 5. In each 
the attachment of a specific mAb to SIL 
(SlL[l74H.64l, SlLtB43.13] or SILJM170]) resulted in 2^to 
increased binding of the SIL to their respective cell 
(KLN-205, Fig. 5A: Cuov.3. Fig- 5B; or HCT-15, 
^C), Increasing the Ab density at the liposome surface 
in a modest increase in the amoum or SIL bound 
KLN-205 cells (Fig. 5A). We have previously 
that an isotype matched non-specific Ab (B27.29. 
ira) conjugated to irnrrtunoliposomes by the PDP- 
PE method showed no increase in binding to KLN- 
cclls compared with antibody-frec liposomes [42,43], 
is free mAb 174H.64 would compete Tor binding of 
..74H.64] to KLN-205 cells, but free mAb B27.29 was 
effective in displacing binding of S1L[174H.64] [42]: 
Incubation of HCT-15 cells in the presence of 10% FBS 
ihe binding of SL (no mAb) and SIL[M 170] lo the 
by approx. 2-fold, but the increase in binding of SIL 
with SL was, if anything, greater in the presence 
than \p its absence (Fig. 5D versus 5C). 
ability of S1L[174H.64] to increase the cytotoxicity 
wrapped DXR to KLN-205 cells was also examined 
le 3). The 1C W for DXR-SIL[I74H.64] at I h incuba- 
Iwas lower than thai for either free DXR or DXR-SI- 
Is short incubation lirnc. ihe free DXR and DXR-SL. 
of which would be expected to have only low levels 
-specific association with the cell*, were likely 
washed away before the drug could be taken up into cells 
gnificant amounts. In addition, the very high IC^, for 
SL is likely also due to the sequestration of the DXR 
insicje liposomes, with relatively little DXR released from 
iposomes during the I h incubation period, As antici- 
. free DXR and DXR-SL had significantly lower \Q yi 
a 24 h incubation, while ihe S1L(I74H.64] appeared 
we reached close to its maximum cytotoxicity alter I 
ubaiion «nd only experienced a slight decrease m IC^, 
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Tabic t 

Cytotoxicity of SILJ174H.64] ogninsi murine squamous lung carcinoma 
cells In culture 



Sum pic 


iC-u,. MP DXR/ml or media for ICLN 205 cells 


1 h incubation 24 h incubation 


Free DXR 




DX*-SL 


>200 68 


DXR- 


' 42 31 







Murine squamous lung carcinoma (KLN 205) cells were plated in 96-wcll 
plates Oil day 1, 24 h laler. tee DXR. DXR-SL 0T DXR-SrUl74H.W] 
wiu, incubated with the cells tor I h or 24 h prior ip gently washing the 
eel|s mrte iim«* with phoJtphute-buffercd (inline, pH 7.4. The cells were 
ihcn incuhaicd for Q further 47 or 24 h, respectively, OoaoI incubation 
lime, *H h>. The < **g DXR/m?) was determined from cell viability 
using: ;» tclF**o]ium <lyc assay [35j. 

after 24 h. At 24 h. S1L[174H.64] were slightly less 
cytotoxic than free DXR, although more cytotoxic than 
DXR-SL. It would appear that the I h incubation period 
was sufficient for binding and/or internalization of the 
S1U174H.64] to liposomes, as the longer incubation time 
did nol result in very large increases in cytotoxicity for 
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these liposomes. 1*he 1 h incubation would be more similar 
to the in vivo situation, where free DXR would be rapidly 
distributed throughout the body in a large volume of 
distribution [44.4|5], wkh tumor cells exposed to relatively 
low cancentratidns of the drug. The SIL. on the other 
hand, when bound to tumor cells in vivo, might be ex- 
pected to deliver! higher amounts of drug to the tumor in n 
sustained manner, either through release of locally high 
concentrations of drug from SIL bound at the tumor 
surface and uptake of DXR through the normal uptake 
mechf nisms. or through Ah-mcdiatcd internalization of the 
drug-liposome package. Ai present we are undertaking 
experiments to distinguish between the relative contribu- 
tion df these two mechanisms of SIL-mediuted cytotoxic* 
iiy, however, independent of the mechanism of cytotoxic- 
ity, we have recently demonstrated a dramaiic increase in 
mean survival time of mice inoculated with the KLN-20,^ 
cell Inc and treated with DXR-SIL[|74H.64] relative to 
DXR-ISL or free DXR [46]. 

In conclusion, we developed a simple 3 step synthesis 
of nejw end-group functional i zed PEG-Hpid. PDP-PGG- 
DSPi;* starting from c*-amino-a>-hydroxy-PEG. Incorpora- 
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fid. 5. Binding or S-irDmunOllposomas by various (umor ccll^ lines. S-immui 
1-1 ;O.OB:0.02 molar ratio. I00 nm in diameter) were labelled with ' H-CH£ and inc 
M mol PL/ml. (A) Murine «iuamous lung carcinoma (KLN20?) and mAb 174H.6J 
mAh B43.M coupled 10 SIL: (C) human colon adenocarcinoma (HCT-15) tind mAb 
Sit incubated in the prescm* of 10* FBS. means ± S.D.. /» * 3. 
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isomesi in PBS (HSPC/CHOL/mPEG-DiJPE/PDP-FF.G-DSPE. 
for \ h ul 37* C wiih «IIn ai a lipowHK concenir^liort i>i*0. 1-0.J 
coupled to SIL; (B) Human ovarian adenocarcinoma tCuov^J and 
vl |70 coupled 10 SIL. (D> cells and mAb Ml 70 aurplcd to 
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ticm of this PEG-Iipid conjugate into liposomes allows for 
convenient generation of thiol groups at the distal ends of 
the grafted PEG chains. Incubation of the vesicles contain- 
ing thiol-PEG-DSPE (4) with maleimide-amibodies re- 
sulted in efficient conjugation even when content of ihe 
funciionalited PEG-DSPE component in the liposomes 
was below 1 mol%. This method realizes many of me 
criteria which would be desirable for 'ideal* S-immuno- 
iiposomes including simplicity, high coupling efficiency, 
the ability to achieve a large range of Ab densities at the 
liposome surface, significantly increased survival limes in 
circulation compared to classical immunoliposomes. effi- 
cient drug loading, slow drug release rates, and retention 
of target binding. 
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